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(57) ABSTRACT

The measurement equipment includes a rack, a first image
capturing device, a second 1mage capturing device, a third
image capturing device and a fourth image capturing device.
Wherein, the first image capturing device and the second
image capturing device capture an entire 1image of a to-be-
measured object, the third 1image capturing device and the
fourth 1mage capturing device capture a plurality of local
images of a plurality of local areas of the to-be-measured
object, and the entire 1mage and the local images and are
simultaneously captured.

23 Claims, 5 Drawing Sheets
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1
MEASUREMENT EQUIPMENT

BACKGROUND OF THE INVENTION

Field of the Invention

The 1invention relates 1n general to a measurement equip-
ment, and more particularly to a measurement equipment
with a movable 1mage capturing device.

Description of the Related Art

Conventional measurement equipment can analyze the
deformation of a waler. The waler has variety of deforma-
tion modes, for example, in-plane deformation, distortion
and warpage. However, conventional measurement equip-
ment only can analyze the warpage of the wafer.

SUMMARY OF THE INVENTION

One aspect of the disclosure relates to a measurement
equipment. The measurement equipment includes a rack, a
first 1mage capturing device, a second i1mage capturing
device, a third 1image capturing device and a fourth image
capturing device. Wherein, the first image capturing device
and the second 1mage capturing device capture an entire
image of a to-be-measured object, the third image capturing
device and the fourth image capturing device capture a
plurality of local images of a plurality of local areas of the
to-be-measured object, and the entire 1mage and the local
images and are simultaneously captured.

Another aspect of the disclosure relates to a measurement
equipment. The measurement equipment includes a {irst
sensor group and a second sensor group. The first sensor
group captures an entire image of a to-be-measured object
for analyzing an entire deformation of the entire to-be-
measured object, the second sensor group captures a plural-
ity of local mmages of a plurality of local areas of the
to-be-measured object for analyzing a plurality of local
deformations of the local areas, and the entire image and the

local 1mages and are simultaneously captured.

Another aspect of the disclosure relates to a method of
analyzing deformation of a to-be measured object. The
method includes the following steps. A first sensor group
captures an entire 1mage of the to-be-measured object for
analyzing an entire deformation of the entire to-be-measured
object; and a second sensor group 1s driven to move for
capturing a plurality of local images of a plurality of local
areas ol the to-be-measured object for analyzing a plurality
of local deformations of the local areas.

BRIEF DESCRIPTION OF THE DRAWINGS

FI1G. 1 illustrates a three-dimensional view of a measure-
ment equipment according to one embodiment of the inven-
tion;

FIG. 2 1llustrates a front view of the measurement equip-
ment of FIG. 1;

FIG. 3 1llustrates a three-dimensional view of the motor
driven linear stage driving devices of FIG. 1;

FIG. 4 1llustrates a three-dimensional view of the envi-
ronmental chamber of FIG. 1; and

FIG. 3 1llustrates a three-dimensional view of a focus
correction disposed within the rack.

Common reference numerals are used throughout the
drawings and the detailed description to indicate the same
clements. The present invention will be more apparent from
the following detailed description taken 1n conjunction with
the accompanying drawings.
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2

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

Referring to FIG. 1, a three-dimensional view of a mea-
surement equipment according to one embodiment of the
invention 1s 1llustrated. The measurement equipment 100
includes a rack 110, a first sensor 120, a second sensor 130,
a computer 140, a projector 150, a plurality of light emitting
device 160, a motorized linear stage 170 and an environ-
mental chamber 180.

Referring to FIG. 2, a front view of the measurement
equipment of FIG. 1 1s illustrated. The first sensor 120
disposed above the second sensor 120 can capture an entire
image S1 of the entire to-be-measured object W1, such as a
semiconductor waler, for analyzing an entire deformation of
the entire to-be-measured object W1. The first sensor 120
includes a first 1mage capturing device 121 and a second
image capturing device 122. The first 1mage capturing
device 121 and the second 1image capturing device 122 are
fixedly disposed on the rack 110. The size of the entire
to-be-measured object W1 1s within 500 mmx500 mm, or
larger than 500 mmx300 mm. In one embodiment, the first
image capturing device 121 and the second 1image capturing
device 122 are 5 mega-pixel digital cameras, for example;
however, such exemplification 1s not meant to be for limait-
ng.

The to-be-measured object W1 defines a plurality of local
areas W11, W12 and W13. The second sensor 130 can
capture a plurality of local images S2 of the local areas W11,
W12 and W13 of the to-be-measured object W1 for analyz-
ing a plurality of local deformations of the local areas W11.
The second sensor 130 includes a third image capturing
device 131 and a fourth image capturing device 132. The
third 1mage capturing device 131 and the fourth image
capturing device 132 can capture the local images S2 of the
local arecas W11, W12 and W13. In terms of the image
having the same number of the pixels, the less the size of the
image 1s, the larger the resolution of the local image 1s. Since
cach local image S2 of the local areas W11, W12 and W13
1s smaller than the entire 1mage S1 of the to-be-measured
object W1, the resolution of the local image S2 1s larger than
that the entire image S1. Accordingly, accuracy and preci-
sion of analyzing the deformation of the to-be-measured
object W1 can be promoted. In one embodiment, the third
image capturing device 131 and the fourth image capturing
device 132 are 5 mega-pixel digital cameras, for example;
however, such exemplification 1s not meant to be for limit-
ing.

To prevent from the local images S2 captured by the third
image capturing device 131 and the fourth image capturing
device 132 are out of focus, an interval H1 between the third
image capturing device 131 and the fourth image capturing
device 132 1s constant. In one embodiment, the interval H1
between the third 1mage capturing device and the fourth
image capturing device ranges between 100 and 160 milli-
meter; however, such exemplification 1s not meant to be for
limiting.

Belore the deformation of the to-be-measured object W1
1s analyzed, a plurality of particles could be distributed to the
to-be-measured object W1. Then, the to-be-measured object
W1 1s disposed within the environmental chamber 180 to be
heated or cooled, and thus the to-be-measured object W1 1s
deformed due to the vaniation in temperature. Then, the first
image capturing device 121 and the second 1image capturing
device 122 capture the entire image S1, and the third image
capturing device 131 and the fourth image capturing device
132 capture the local images S2 simultaneously. Then, the
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computer 140 can analyze the entire image S1 and the local
images S2 having higher resolution to obtain deformation
profiles of the to-be-measured object W1 m X-Y plane
(in-plane deformation of the to-be-measured object W1),
Y-Z plane (warpage of the to-be-measured object W1) and
X-7Z plane (warpage of the to-be-measured object W1).

The computer 140 1ncludes a display device 141 and a
control component 142. The display device 141 1s electri-
cally connected to first image capturing device 121, the
second 1mage capturing device 122, the third image captur-
ing device 131 and the fourth image capturing device 132 for
displaying the entire 1image S1, the local images S2 and the
deformation profiles of the to-be-measured object W1. The
control component 142, such as a keyboard, 1s electrically
connected to the motorized linear stage 170 for controlling
the motorized linear stage 170 to drive the third image
capturing device 131 and the fourth image capturing device
132 to move. Accordingly, the third image capturing device
131 and the fourth image capturing device 132 can be
controlled to capture any desired local area W11, W12 or
W13.

In another embodiment, the measurement equipment 100
turther includes a joystick 143 electrically connected to the
motorized linear stage 170. The joystick 143 1s electrically
connected to the motorized linear stage 170 for controlling
the motorized linear stage 170 to drive the third image
capturing device 131 and the fourth 1image capturing device
132 to move. Accordingly, the third image capturing device
131 and the fourth image capturing device 132 can be
controlled to capture any desired local area W11, W12 or
W13.

In another embodiment, the projector 150 can project a
plurality of light-spots (not illustrated) instead of the par-
ticles to the to-be-measured object W1. The light-spots are
virtual (or optical) particles, and thus the pollution on the
to-be-measured object W1 can be avoided.

The light emitting devices 160 can 1lluminate the to-be-
measured object W1 for making the entire image S1 and the
local 1mages S2 clear. Each light emitting device 160 1is
pivotally connected to the rack 110, and thus light-emitting,
direction can be adjusted. Each light emitting device 160
includes an adjustable component 161 and a light-emitting
component 162. The adjustable component 161 1s pivotally
connected to the rock 110, such that the adjustable compo-
nent 161 can rotated with respect to the rock 110. The
light-emitting component 162 1s pivotally connected to the
adjustable component 161, such that the light-emitting com-
ponent 162 can rotate with respect to the adjustable com-
ponent 161, and accordingly the motion range of the light
emitting device 160 can be expanded.

Referring to FIG. 3, a three-dimensional view of motor-
1zed linear stage of FIG. 1 1s 1llustrated. In specification for
the measurement equipment 100, the stroke 1s 500 mm, the
maximum feed force 1s 200N, the maximum speed 1s 300
rpm, the repetition accuracy 1s +/-0.02 mm, time of reaction
1s less than 0.01 second, for example; however, such exem-
plification 1s not meant to be for limiting. The motorized
linear stage 170 1s controlled by the control component 142
or the joystick 143 to drive the first image capturing device
131 and the second image capturing device 132 to move to
capture the local images S2 of the local areas W11, W12 and
W13 of the to-be-measured object W1 for analyzing the
local deformations of the local areas W11, W12 and W13.
The motorized linear stage 170 includes a first rail 171, a
second rail 172, a first linear motor 173 and a second linear
motor 174. The first rail 171 extended along a first sliding
direction, such as Y axis, can be driven to rotate by the first
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linear motor 173, such that the third image capturing device
131 and the fourth image capturing device 132 can move
along the first rail 171.

The second rail 172 extended along a second sliding
direction, such as X axis, can be driven to rotate by the
second linear motor 174. The first raill 171 1s movably
disposed on the second rail 172, such that the third image
capturing device 131 and the fourth image capturing device
132 can together move along the second sliding direction
together with the first rail 171 that moves along the second
sliding direction.

The motorized linear stage 170 further includes a first
base 175, a second base 176 and a carrier 177. The third
image capturing device 131 1s fixed disposed on the first
base 175 by a plurality of screws (not 1llustrated). The first
base 175 1s fixed disposed on the carrier 177 by a plurality
of screws (not illustrated), such that the third image captur-
ing device 131 1s fixedly disposed on the carrier 177 through
the first base 175. Similarly, the fourth image capturing
device 132 1s fixed disposed on the second base 176 by a
plurality of screws (not 1llustrated). The second base 176 1s
fixed disposed on the carrier 177 by a plurality of screws
(not 1llustrated), such that the fourth 1mage capturing device
132 1s fixedly disposed on the carrier 177 through the second
base 176. The carrier 177 1s movably disposed the first rail
171, such that the third image capturing device 131 and the
fourth 1mage capturing device 132 can be driven by the
carrier 177.

The motorized linear stage 170 further includes a first
position marking component 178 and a second position
marking component 179, such as laser emitting components.
Laser light emitted by the first position marking component
178 and laser light emitted by the second position marking
component 179 can be focused on a light-point (not 1llus-
trated) 1n the to-be-measured object W1. Accordingly, the
positions of the third image capturing device 131 and the
fourth image capturing device 132 can be confirmed through
the visible light-point.

Referring to FIG. 4, a three-dimensional view of the
environmental chamber of FIG. 1 1s illustrated. The envi-
ronmental chamber 180 1s disposed within a space P1
(1llustrated 1n FIG. 2) below the third image capturing device
131 (not illustrated in FIG. 2) and the fourth 1mage capturing
device 132 (not illustrated in FIG. 2). The environmental
chamber 180 can accommodate the to-be-measured object
W1. The environmental chamber 180 includes a casing 181,
a heater 182, a cooler 183, a carrier 184, a plurality of handle
185 and a tube 186. The heater 182 15 disposed within the
casing 181 for heating the to-be-measured object W1 carried
by carrier 184. The cooler 183 1s disposed within the casing
181 for cooling the to-be-measured object W1 carried by
carrier 184. In addition, liquid nitrogen L1 can be transmiut-
ted to the cooler 183 through the tube 186 for cooling the
to-be-measured object W1. The heater 182 and the cooler
183 can be controlled by the computer 140 (illustrated 1n
FIG. 2) to creating a manufacturing temperature ranging
between -55 degrees centigrade and 300 degrees centigrade
for analyzing the deformation of the to-be-measured object
W1. The carrier 184 has a plurality of through holes 184a,
and the heat or cooling air can be convected to the to-be-
measured object W1 through the through holes 184a.

The carrier 184 1s withdrawably disposed the casing 181.
The handles 185 are disposed on the casing 181. It is
convenient to hold the handles 185 to pull out or retract the
carrier 184. When the carrier 184 1s pulled out the casing
181, the to-be-measured object W1 can be disposed on the
carrier 184. Since the carrier 184 1s withdrawably disposed
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the casing 181, the carrier 184 carrying the to-be-measured
object W1 can be retracted within casing 181.

Referring to FIG. 5, a three-dimensional view of a focus
correction disposed within the rack 1s illustrated. The mea-
surement equipment 100 further includes a focus correction
190 disposed within the space P1 instead of the environ-
mental chamber 180 when focus correction 190 corrects the
tocus of the third image capturing device 131 and the fourth
image capturing device 132.

While the mvention has been described and illustrated
with reference to specific embodiments thereof, these
descriptions and 1llustrations do not limit the invention. It
should be understood by those skilled 1n the art that various
changes may be made and equivalents may be substituted
without departing from the true spirit and scope of the
invention as defined by the appended claims. The illustra-
tions may not necessarily be drawn to scale. There may be
distinctions between the artistic renditions in the present
disclosure and the actual apparatus due to manufacturing
processes and tolerances. There may be other embodiments
of the present invention which are not specifically 1llus-
trated. The specification and the drawings are to be regarded
as 1llustrative rather than restrictive. Modifications may be
made to adapt a particular situation, material, composition of
matter, method, or process to the objective, spirit and scope
of the invention. All such modifications are intended to be
within the scope of the claims appended hereto. While the
methods disclosed herein have been described with refer-
ence to particular operations performed in a particular order,
it will be understood that these operations may be combined,
sub-divided, or re-ordered to form an equivalent method
without departing from the teachings of the invention.
Accordingly, unless specifically indicated herein, the order
and grouping of the operations are not limitations of the
invention.

What 1s claimed 1s:

1. A measurement equipment comprising:

a rack:

a first camera disposed on the rack;

a second camera disposed on the rack, the first camera and
the second cameras disposed at different positions
relative to a to-be-measured object;

a third camera disposed on the rack;

a fourth camera disposed on the rack, the third camera and
the fourth cameras disposed at diflerent positions rela-
tive to the to-be-measured object; and

a processing device connected to the first camera, the
second camera, the third camera, and the fourth camera,

wherein the first camera and the second camera are
configured to capture an entire 1mage of the to-be-
measured object, the entire 1image of the to-be-mea-
sured object 1s captured by the first camera and the
second camera by simultaneously focusing on the to-
be-measured object, the third camera and the fourth
camera are configured to capture a plurality of local
images of a plurality of local areas of the to-be-
measured object, and each of the local images 1is
captured by the third camera and the fourth camera by
simultaneously focusing on a corresponding one of the
local areas of the to-be-measured object;

wherein the processing device 1s configured to analyze the
entire 1mage and the local images to obtain n-plane
deformation, distortion and warpage of the to-be-mea-
sured object.

2. The measurement equipment of claim 1, whereimn the

first camera and the second camera are disposed above the
third camera and the fourth camera.
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3. The measurement equipment of claim 1, turther com-
prising;:

a motorized linear stage for driving the third camera and

the fourth camera.

4. The measurement equipment of claim 3, wherein the
motorized linear stage comprises:

a first rail extended along a first sliding direction, wherein
the third camera and the fourth camera are movably
disposed on the first rail; and

a second rail extended along a second sliding direction,
wherein the first rail 1s movably disposed on the second
rail.

5. The measurement equipment of claim 1, turther com-

prising;:

a light emitting device pivotally connected to the rack.

6. The measurement equipment of claim S, wherein the
light emitting device comprises:

an adjustable component pivotally connected to the rack;
and

a light-emitting component pivotally connected to the
adjustable component.

7. The measurement equipment of claim 1, further com-

prising:

an environmental chamber for accommodating the to-be-
measured object.

8. The measurement equipment of claim 1, wherein the

processing device comprises:

a control component for controlling the third camera and
the fourth camera to move.

9. The measurement equipment of claim 1, further com-

prising:

a joystick controlling the third camera and the fourth
camera device to move.

10. The measurement equipment of claim 1, wherein a
resolution of each local image 1s larger than that of the entire
image.

11. The measurement equipment of claim 1, wherein the
to-be-measured object 1s a water.

12. The measurement equipment of claim 1, further
comprising:

a projector for projecting a plurality of light-spots to the

to-be-measured object.

13. The measurement equipment of claim 1, wherein the
entire 1mage and the local 1images are simultaneously cap-
tured.

14. The measurement equipment of claim 1, further
comprising;

a heater configured to heat the to-be-measured object.

15. A measurement equipment comprising:

a first camera group comprising multiple cameras dis-
posed at diflerent positions relative to a to-be-measured
object;

a second camera group comprising multiple cameras
disposed at different positions relative to the to-be-
measured object; and

a processing device connected to the first camera group
and the second camera group,

wherein the cameras of the first camera group are con-
figured to capture an entire 1image of the to-be-mea-
sured object for analyzing an entire deformation of the
entire to-be-measured object, the entire 1mage of the
to-be-measured object 1s captured by the cameras of the
first camera group by simultaneously focusing on the
to-be-measured object, the cameras of the second cam-
era group are configured to capture a plurality of local
images of a plurality of local areas of the to-be-
measured object for analyzing a plurality of local
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deformations of the local areas, and each of the local
images 1s captured by the cameras of the second camera
group by simultaneously focusing on a corresponding
one of the local areas of the to-be-measured object;

wherein the processing device 1s configured to analyze the

8

capturing a plurality of local images of a plurality of local
areas ol the to-be-measured object using a second
camera group comprising multiple cameras disposed at
different positions relative to the to-be-measured object
for analyzing a plurality of local deformations of the
local areas, wherein each of the local images 1s cap-
tured by the cameras of the second camera group by

5
entire 1mage and the local images to obtain m-plane
deformation, distortion and warpage of the to-be-mea-
sured object.

16. The measurement equipment of claim 15, further
comprising:

10

a rack;

wherein the first camera group comprises a first camera

simultaneously focusing on a corresponding one of the
local areas of the to-be-measured object; and

analyzing the entire 1mage and the local images to obtain

in-plane deformation, distortion and warpage of the

fixedly disposed on the rack and a second camera
fixedly disposed on the rack, and the second camera
group comprises a third camera movably disposed on
the rack and a fourth camera movably disposed on the
rack.

17. The measurement equipment of claim 15, wherein the
entire 1mage and the local images are simultaneously cap-
tured.

18. A method of analyzing deformation of a to-be mea-
sured object, comprising:

capturing an entire 1mage of the to-be-measured object

using a first camera group comprising multiple cameras
disposed at different positions relative to the to-be-

15

20

measured object for analyzing an entire deformation of 2>

the entire to-be-measured object, wherein the entire
image ol the to-be-measured object 1s captured by the
cameras of the first camera group by simultaneously
focusing on the to-be-measured object;

to-be-measured object.

19. The method of claim 18, wherein the first camera
group 1s fixedly disposed on a rack.

20. The method of claim 18, wherein the second camera
group 1s driven to move along a first sliding direction and a
second sliding direction different from the first sliding
direction.

21. The method of claim 18, further comprising:

focusing a visible light-point on the to-be-measured

object for confirming a position of the second camera
group.

22. The method of claim 18, further comprising;

illuminating the to-be-measured object for making the

entire 1mage and the local 1mages clear.

23. The method of claim 18, wherein the entire 1mage and

the local 1images are simultaneously captured.
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